Abstract
Introduction

5
The elucidation of the head group structures of the unknown glycolipids U1 and U2, the 92 identification of the glycosyltransferase synthesizing U2, and the structural analysis of ornithine 93 lipids from M. loti are subject of this study. 
Materials and Methods
97
Bacterial strains, plasmids and growth conditions. If not otherwise indicated, M. loti strain
98
R7a was used in this study. Mesorhizobium was grown as described (7) with slight changes. M. 
Results
216
Identification of a new glycosyltransferase (ORF mlr2668) from M. loti synthesizing MGlcD
217
and GlcAD after expression in E. coli. As shown in an earlier study, Mesorhizobium
218
accumulates two unknown glycolipids U1 and U2 when grown under phosphate starvation (7). A 219 glycolipid with the same chromatographical characteristics as the mesorhizobial U2 was also further analyses, the two glycolipids were subjected to NMR spectroscopy. The identity of the 232 first lipid could be confirmed as MGlcD, with the NMR data in accordance with previously reported values (19) , and the second as GlcAD (Table S1 in showed the lack of GlcAD in the mutant (Fig. 3B ), while this lipid was present in the wild type 268 (Fig. 3A) . 
309
Many of the lipids accumulating under these conditions were analyzed recently (7), but there are 310 still some unidentified spots visible on TLC plates as shown in Fig. 3 . Therefore, we investigated 311 an unknown lipid, which migrated slightly slower than OL, thus this lipid was of a higher 
320
Interestingly, the NMR spectra of OL-OH (Fig. 7 an amide-linked 2-OH,3-O-acyl-dihydroxy fatty acid (Fig. 8C) , the minor compounds are OL-
325
OH containing an amide-linked 2-O-acyl,3-OH-dihydroxy fatty acid (Fig. 8B) . Additional containing OL (supplemental Fig. S7A of the two cultures were analyzed via 2-dimensional TLC. In comparison to wild type (Fig. 3A) ,
382
OL-OH was not detectable in ∆olsD (Fig. 10A) , showing that mll1937 is required for OL-OH accompanied by the reduction of the amounts of phospholipids (Fig. 11) . OL-OH accumulated to 412 about 12% both in the wild type and the mutant, while it was not detectable under full nutrition. other hand, the phospholipid PC was strongly decreased from 20% in the wild type to 8% in 419 ∆agt. PG was the only phospholipid, which was increased from 11% (wild type) to 14% (∆agt).
420
The remaining membrane lipids were hardly affected by the loss of GlcAD. These data suggest between wild type and ∆agt (Fig. 12) . Therefore, these data suggest that GlcAD is not required 431 for growth of Mesorhizobium under normal and phosphate deficient conditions.
433
Discussion
434
In a previous study Mesorhizobium was shown to accumulate a series of different glycolipids 435 under phosphate starvation, with GGD, DGD, TGD and U1 depending on Pgt-Ml activity, while 436 the enzyme synthesizing U2 remained unknown (7). In this study we could determine the head 437 group structures of U1 (Me-DGD) and U2 (GlcAD) and we identified the responsible and hydroxylation at C2 of the amide bound fatty acid.
441
Me-DGD is a novel glycolipid which has never been described before for any organism.
442
The synthesis of this lipid depends on the one hand on Pgt-Ml activity, because this lipid is 443 absent in the Pgt-Ml deletion mutant (7). On the other hand, the methyl group of this lipid is shown for SQD.
503
The deletion of mlr2668 has a strong effect on the lipid composition in ∆agt. in high amounts (12%) as response to phosphate deprivation (Fig. 11) . Finally, our data suggest 554 that OL-OH in Mesorhizobium serves as surrogate for phospholipids under these conditions.
555
Besides, hydroxylated forms of OL play a role in the response to different other stress conditions
556
(low pH or to heat stress) in Rhizobium, where these lipids are also important for symbiosis (16, 557 42). The function of hydroxylated OL as stress lipid was also speculated for Agrobacterium (4). 
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